We report new observations of circumgalactic gas from the COS-Dwarfs survey, a systematic investigation of the gaseous halos around 43 low-mass z ≤ 0.1 galaxies using background QSOs observed with the Cosmic Origins Spectrograph. From the projected 1D and 2D distribution of C IV absorption, we find that C IV absorption is detected out to ≈ 0.5 R vir of the host galaxies. The C IV absorption strength falls off radially as a power law and beyond 0.5 R vir , no C IV absorption is detected above our sensitivity limit of ≈ 50-100 mÅ. We find a tentative correlation between detected C IV absorption strength and star formation, paralleling the strong correlation seen in highly ionized oxygen for L∼L * galaxies by the COS-Halos survey. The data imply a large carbon reservoir in the CGM of these galaxies, corresponding to a minimum carbon mass of 1.2 × 10 6 M ⊙ out to ∼ 110 kpc. This mass is comparable to the carbon mass in the ISM and more than the carbon mass currently in stars of these galaxies. The C IV absorption seen around these sub-L * galaxies can account for almost two-thirds of all W r ≥ 100 mÅ C IV absorption detected at low z. Comparing the C IV covering fraction with hydrodynamical simulations, we find that an energy-driven wind model is consistent with the observations whereas a wind model of constant velocity fails to reproduce the CGM or the galaxy properties.
1. INTRODUCTION The distribution and physical conditions in gas around galaxies are important ingredients for understanding how galaxies evolve over cosmic time. Acquiring this knowledge entails studying how the galaxies obtain, process, expel and recycle gas from their surroundings. Understanding these processes is further complicated by the indirect nature of the available observations: stars and gas within the galaxies can be accessed and studied directly, but the gas that is being accreted or being expelled is usually either too diffuse or too hot to be observed directly in emission. Hence we typically have to rely on modeling the outcome (stellar mass, color, morphology) of gas processes rather than examining the phenomena themselves. One of the few ways to advance our understanding of gas processes is to observe the circumgalactic medium (CGM) and to correlate the gas properties with the host galaxies themselves.
Absorption-line systems observed in the spectra of background sources provide one of the few effective tracers of the otherwise invisible gas around galaxies. With this technique it is possible to study the distribution and physical condition of gas around galaxies. The advent of large galaxy surveys (York et al. 2000; Lilly et al. 2009) , and the introduc-tion of the Cosmic Origins Spectrograph (COS), (Green et al. 2012) , aboard the Hubble Space Telescope (HST) have made it possible to systematically map the CGM and to correlate its properties with the host galaxy properties and the large scale environment Stocke et al. 2013; Bordoloi et al. 2011; Chen et al. 2010; Prochaska et al. 2011a; Zhu & Ménard 2013; Werk et al. 2013; Stocke et al. 2014) .
The recent "COS-Halos" survey ), mapped the multiphase CGM around L * galaxies at z = 0.15 -0.35. This survey utilized the COS spectrograph to acquire UV spectroscopy of background quasars near 44 L L * galaxies within 160 kpc impact parameter (Werk et al. 2012) . The COS-Halos survey was optimized to map the multiphase CGM using O VI and other metal line diagnostics (Tumlinson et al. 2011b; Werk et al. 2013) . The COSHalos program finds that L * star-forming galaxies are surrounded by total CGM gas masses that are comparable to and possibly in excess of their stellar masses , and that the metal mass in these halos (traced by highly ionized O VI doublet) is comparable to what has been retained in their interstellar gas and dust (Peeples et al. 2014) . COS-Halos also finds that passive galaxies are relatively deficient in O VI relative to their star-forming counterparts (Tumlinson et al. 2011b ), while the discrepancy in H I is smaller ) and passive galaxies may retain a significant budget of cool CGM gas.
Because of the limited wavelength coverage of the high resolution COS FUV gratings (1140-1800 Å), a census of carbon using the C IV doublet is impractical for z > 0.1. Conversely, a metals census in the CGM of less luminous galaxies must be carried out at lower redshift to exploit the existing large-scale, flux-limited galaxy redshift surveys such as the Sloan Digital Sky Survey (SDSS, Abazajian et al. 2009) . However, at z < 0.1, the O VI doublet moves beneath the wavelength coverage of the high resolution COS FUV gratings. Thus a census of metals at < L * must use a tracer that is accessible at z < 0.1 within the COS band.
This paper describes the first results of a new survey ("COS-Dwarfs") of the CGM gas surrounding a sample of L ∼ 0.006 − 0.18 L * galaxies in the low-redshift Universe using COS. This is a direct follow up of the COS-Halos survey in that we focus on the CGM around low-mass galaxies. Our focus on the sub-L * galaxies is primarily motivated by a desire to extend the mass range of the existing surveys to lower masses and thereby cover a total of ∼ 3 decades in stellar mass (roughly M * ≈ 10 8−11 M ⊙ ), to examine the multiphase CGM around these sub-L * galaxies and to better understand the role of the CGM in galaxy formation.
In this paper we focus on the C IV λλ 1548, 1550 doublet transition, the most accessible tracer of hot and/or highly ionized gas at redshift z < 0.1. Strong C IV absorption has been used to trace missing metals in the IGM from z =4 to today (Steidel 1990; D'Odorico et al. 2010; Simcoe et al. 2011; Cooksey et al. 2010 Cooksey et al. , 2013 . This transition has been used extensively at higher redshifts because it is a strong resonant doublet transition giving it a distinct, easily identifiable characteristic. Also, it is observable redward of the Lyα forest, where it becomes easier to identify as it redshifts into the optical passbands at z > 1.5. C IV absorption line studies have found that the C IV mass density relative to the critical density (Ω CIV ) increases smoothly from z = 4 → 1.5 (D'Odorico et al. 2010 ) and maps well on to the z <1 measurements (Cooksey et al. 2010) . Ω CIV increases by a factor of 5 over z = 4 → 0, and the comoving C IV line density dN CIV /dX increases 10-fold over z ∼6 → 0 for W r ≥ 0.6 Å (Cooksey et al. 2013, Burchett et al., in preparation) . This indicates that the CGM around galaxies could be getting enriched over the last 12 Gyr lifespan of the Universe.
However, at high redshifts it is hard to study the host galaxies associated with the C IV absorbers. To study the CGM traced by C IV around galaxies with well defined properties, in a statistical manner, we rely on HST UV spectroscopy of background quasars, which opens the window of the low-z Universe to the study of C IV -galaxy pairs. The pioneering study of Chen et al. (2001) compiled a C IV -galaxy pair sample of 50 galaxies within 200 kpc, using HST UV spectroscopy of UV bright quasars at z ≈ 0.4. They detected C IV absorption within 100 kpc of their galaxies and found no correlation between absorbers and galaxy morphology or surface brightness. This study was a "blind survey", i.e. it entails taking the spectra of a quasar, finding the absorption line systems first and then looking for associated galaxies in follow up spectroscopic surveys. On the other hand, Borthakur et al. (2013) found, using their small number of absorbers of starbursting galaxies that C IV absorption can be seen even at high impact parameters (150 ≤ R ≤ 200 kpc). Individual C IV systems have also been reported, for which either no L 0.04L * galaxies were found within 250 kpc (Tripp et al. 2006) or only a very faint dwarf galaxy was detected at ∼ 200 kpc (Burchett et al. 2013) . At higher redshifts, Steidel et al. (2010) examined the mean C IV absorption profile around z ≈ 2.2 galaxies using stacked background galaxy spectra and found that the mean C IV absorption strength falls off rapidly at projected distances of 50-100 kpc. Prochaska et al. (2013a) studied the CGM around z ≈ 2 bright quasars using closely projected foreground-background quasar pairs. They found that the CGM of quasar hosts exhibit significantly stronger C IV absorption as compared to z ≈ 2 LBGs, especially at impact parameters greater than 100 kpc.
In this study, akin to the COS-Halos survey, we adopt a "galaxy selected" approach (Bordoloi et al. 2011; Tumlinson et al. 2013) . We first identify the projected galaxyquasar pairs, selected based on the galaxy properties, quasar brightness and the projected separation and then look for absorption in the rest frame of the galaxies. In the "blind" method, it is expensive to build up a statistically large sample of quasar-galaxy pairings with an impact parameter of <100 kpc. The "galaxy selected" approach allows us to probe the inner part of the CGM by design, enabling us to have better statistics at close impact parameters. Some of the difficulties that are encountered in correctly associating foreground galaxies with individual absorption systems (e.g. owing to limitations in the depth of the associated galaxy follow-up) are mitigated by designing a "galaxy selected" survey around a well defined set of foreground galaxies, rather than starting with a quasar spectrum and trying to identify nearby foreground galaxies responsible for the absorption.
The aim of this paper is to probe the CGM around z < 0.1 low-mass galaxies, allowing us to systematically map the CGM traced by the C IV absorption out to their virial radii. Owing to their shallow potential wells, more intense radiation fields and lower metallicities, dwarf galaxies are believed to be inefficient at converting their gas content into stars (Schombert et al. 2001 ). Dwarf galaxies have higher gas fractions (ISM gas to stellar mass ratio) compared to high mass galaxies (Peeples et al. 2014 ) and because of their shallower potential wells (compared to the L * galaxies), this gas in principle can more easily be expelled into the CGM. Thus, such low-mass galaxies might possess a large reservoir of hidden mass in their CGM. The COS-Dwarfs survey allows us to constrain the total mass hidden in the CGM of these galaxies. In this paper we focus on constraining the carbon mass in the CGM allowing us to extend the CGM metals census begun by COS-Halos (Peeples et al. 2014 ) to well below L * . This paper is organized as follows: Section 2 describes the survey motivations and design of the COS-Dwarfs survey. Section 3 describes how data collection and analysis methodology. Section 4.1 presents the 1-D and 2-D C IV radial absorption profiles. Section 4.2 presents the C IV covering fraction estimates. Section 4.3 presents the dependence of C IV absorption strength on galaxy properties and Section 4.4 presents the C IV absorption kinematics. Section 5 presents the total carbon mass estimate in the CGM of these galaxies. Section 6 presents the expected incidence of C IV absorbers corresponding to sub-L * galaxy halos. Section 7 presents comparison of several theoretical feedback prescriptions with observations. In section 8, we compare our results with the results from previous studies. Finally in Section 9 we summarize our conclusions.
Throughout our analysis we adopted a cosmology specified by WMAP3 (Ω m = 0.238, Ω Λ = 0.762, H 0 = 73.2 kms −1 Mpc −1 , Ω b = 0.0416). Distances and galaxy virial radii are given in proper coordinates.
SURVEY MOTIVATIONS AND DESIGN
Extending the COS-Halos survey to lower stellar mass can reveal how the CGM is configured and evolves as a function of stellar mass, but a new survey was required with design features that differ in many respects from COS-Halos. The requirement to select spectroscopically confirmed galaxies at log M * /M ⊙ ∼ 8 − 9 implied that the typical redshift needed FIG. 1.-The galaxy color-magnitude diagram (sSFR vs M * ) for all 43 galaxies in this survey. The underlying distribution shows the sSFR vs M * for SDSS galaxies from (Schiminovich et al. 2007). to be lower than the median z = 0.25 in COS-Halos. Another consequence of the redshift range is that COS-Dwarfs galaxies could be selected on the basis of their spectroscopic redshifts, rather than photometric redshifts that were employed in COS-Halos (Werk et al. 2012) . Thus COS-Dwarfs was optimized to yield a sample of galaxies with log M * /M ⊙ 10 at z ≃ 0.01 − 0.05 using Lyα, C IV and a range of other common low and intermediate ion diagnostics. The targeted sample consisted of 39 galaxies with QSO sightlines ranging out to 150 kpc (physical) impact parameters, lying in front of UVbright QSOs at z QSO = 0.1 − 1. In addition to these galaxies, we added four galaxies that were originally selected for COSHalos but were later omitted on the basis of low luminosity 9 . This yields a total of 43 galaxies that are used for this study. The sample galaxies are all the closest identified galaxy to the selected QSO sightline. No other identifiable galaxies with known redshifts are closer than 300 kpc, though some of the sample galaxies have other galaxies at similar redshift that are within 300 -1000 kpc. We do not consider the sample biased with respect to galaxy neighbors, large-scale environment, or status as a satellite of a larger halo (in cases where neighbors are known). Throughout our analysis we assume that the closest galaxies -i.e. the one selected -is physically associated with the detected absorption.
The galaxy colors and stellar masses M * were derived from the ugriz SDSS photometry using the template-fitting approach implemented in the kcorrect code (Blanton & Roweis 2007) at the measured redshifts. Systematic errors from the mass-to-light ratio and IMF dominate the ±0.2 dex error in stellar mass (Werk et al. 2012 ). Star formation rates are estimated from the detected nebular emission lines or limited by their absence, with errors up to ±50%. Fiber losses are corrected using SDSS photometry similar to Werk et al. (2012) . For passive galaxies the SFR is given as a 2σ upper limit. Errors on combined quantities, such as the specific star formation rate (sSFR = SFR/M * ), are obtained from quadrature sums of the basic terms.
The halo masses M halo are computed by interpolating along the abundance matching relation of Moster et al. (2010) at the stellar mass of the galaxy. We scale the projected distance from the sightline to the center of the host galaxy (impact parameter, R) to the virial radius of the galaxy, approximated here as R 200 , the radius at which the halo mass density is 200 times the critical matter density of the universe. This is given as R Werk et al. (2012) for detailed methodology of measuring galaxy properties. All the relevant galaxy properties are tabulated in Table  2 .
DATA COLLECTION AND ANALYSIS
The data reduction and analysis procedures for the present study follow the procedures developed for COS-Halos, which are described by Meiring et al. (2011) and Tumlinson et al. (2011a) . In short, we obtain line measurements from 1D spectra that have been merged from individual exposures with different COS UV gratings and central wavelengths. The summation is done in counts per oversampled bin, once the different sub-exposures have been shifted into alignment based on common Milky Way interstellar absorption lines. The photocathode grid wires above the COS microchannel plates, casting shadows onto the detector are the main source of fixedpattern noise in our data. Smaller fluctuations caused by the microchannel plate pores generally do not appear at the S/N ratios of our data. There are other fixed-pattern noise features that must also be removed. We adopted flat-field reference files prepared and communicated to us by D. Massa at STScI and filtered for high-frequency noise by E. Jenkins. These 1D files allow us to correct the shadowed pixels by modifying the effective exposure time and count rate in each pixel prior to coadding it with the others. The resulting 1D, flat-corrected spectra are binned to Nyquist sampling with two bins per resolution element and S/N ∼ 10-12 per COS resolution element (FWHM ≃ 18 km s −1 ). The fully reduced spectra are in units of counts per second with appropriate errors from counting statistics (Poisson) and errors propagated from the CALCOS calibration steps.
With fully reduced spectra, we proceed with a semiautomated framework developed for COS-Halos to identify and measure the absorption lines associated with the foreground galaxies. We refer the reader to Tumlinson et al. (2013) for a detailed description of the method and only briefly summarize the steps here. We shift the reduced, coadded quasar COS spectrum to the rest-frame of the foreground galaxy, setting v = 0 km s −1 to the systemic redshift of the foreground galaxy. The systemic redshifts of the galaxies are measured to high precision (σ specz ∼ 30 km s −1 in the rest-frame) and we can focus on common lines at predictable places in observed wavelength. Short slices of data within ± 600 km s −1 of the systemic redshift of the galaxy are extracted around each line of interest, including the C IV doublet and Lyα, CII 1334, SiIII 1206, SiIV 1393, SiIV 1402. Each slice is independently continuum-normalized using a fifthorder Legendre polynomial, and the equivalent width and col-umn density of the absorption is measured (as a detection or an upper limit for non-detections) using the apparent optical depth (AOD) method of Savage & Sembach (1991) . For the key ion C IV, we visually inspect each doublet to confirm their presence and search for contamination, and to set the velocity range for AOD integration. To minimize contamination from other intervening absorption line systems or from the foreground ISM of the Milky Way, we attempt to identify every detection feature within ± 600 km s −1 range at the position of the C IV absorption doublet. Most such features are not associated with the target galaxy and are positively identified HI or metal lines associated with other absorbers at different redshifts along the line of sight. We confirm the presence of C IV absorption by looking at their apparent optical depth profiles, excluding any alternate identification for the doublet and by requiring that the C IV absorption is aligned within reasonable velocity limits with other species in that absorption system.
In addition to the AOD-derived column densities, we fit Voigt profiles to both absorption lines of the C IV doublet, to assess kinematic component structure and to estimate column densities for severely blended lines. The profile fitting improves on direct line integration of column densities using information about line shape and placement to constrain the fit. It also helps assess line saturation by taking into account the true line-spread function (LSF) of the instrument. We refer the reader to Tumlinson et al. (2013) for a detailed description of the Voigt profile fitting method. To summarize, we use an IDL iterative fitting program using the MPFIT software to optimize the fit and to estimate the errors on the fits. We fit column density N, Doppler b parameter, and velocity offset v for each component simultaneously for each C IV doublet. The initial parameters, including the number of components to be fitted, are set after visual examination of the data. The best fit parameters are obtained by performing χ 2 minimization around ± 600 km s −1 of the foreground galaxy systemic redshift using the Levenberg-Marquardt algorithm. All the measurements and galaxy properties are summarized in Table  2 .
RESULTS
In the following sections we discuss the variation of C IV absorption with different properties of the foreground galaxies, examining the radial profile, the dependence on galaxy sSFR, and absorber kinematics.
The Spatial Distribution of C IV Absorption Around
Galaxies To estimate the spatial extent of C IV absorption around these galaxies, we examine how the C IV rest-frame equivalent width (W r ) and column density (N CIV ) depend on the impact parameters (R) and the virial radii R vir of the host galaxies. Figure 2 shows the 1-D C IV absorption profile around 43 galaxies as a function of R (left panels) and R vir (right panels). C IV absorption is seen around 17 galaxies (filled symbols), and no absorption is detected around 26 galaxies (open symbols). The blue squares represent the star-forming galaxies and the red diamonds represent the passive non-star-forming galaxies. A galaxy is defined to be star-forming if its specific star formation rate (sSFR) is greater than log sSFR ≥ −10.6. In the top two panels, the open symbols with arrows indicate 2σ upper limits to W r for lines of sight around galaxies for which we do not detect corresponding C IV absorption. The bottom panels show AOD column densities of C IV absorption around the same galaxies. The saturated lines are indicated with upward arrows indicating lower limits of column densities, and the open symbols with downward arrows indicate 2σ upper limits on C IV column densities.
Figure 2 reveals that the strongest C IV absorption is detected at smaller impact parameters. The CGM around these galaxies shows a drop in C IV absorption beyond a radius of ∼ 110 kpc ( 0.5 R vir ), (see also Jia Liang & Chen 2014 for a similar finding). We parametrize the radial falloff of C IV absorption by characterizing the 1D radial profile in Figure 2, in terms of a power law with an exponential fall off. This characterization is given as
Here the characteristic radius R x sets the power of the exponential fall off for a galaxy with a given R vir . We perform a maximum likelihood fit to the data to obtain the best fit parameters as R x = 105 ± 27 kpc and, W 0 = 0.6 ± 0.3Å. The fitted mean absorption profile with R vir =203 kpc is the dashed red line in the top left panel of Figure 2 . Figure 2 further reveals that the C IV absorption is patchy even at low impact parameters. At R ≤ 60 kpc, 53% (9 out of 17) galaxies are associated with C IV absorption while 40% of the entire sample (17 out of 43) is associated with C IV absorption (W r ≥ 90 mÅ). The patchiness is also evident in the scatter of C IV absorption strength for the detected absorbers (standard deviation = 208 mÅ).
For star-forming galaxies, the COS-Dwarfs data clearly show a trend between virial radius (R vir ) and C IV absorption strength, that is quite similar to that observed for Mg II absorption (e.g. Chen et al. 2010 , Bordoloi et al. 2011 ). As we probe the innermost CGM at small virial radii, increasingly stronger C IV absorbers are detected. This is different than the radial profile observed for O VI (Tumlinson et al. 2011b) , where the O VI radial profile for star-forming galaxies is flat out to 150 kpc and there are very few non-detections. The observed C IV absorption profile is also not consistent with the O VI absorption profile observed around >0.1L * galaxies (Prochaska et al. 2011b) , in that they also detected extended (≈200 kpc) O VI absorption around >0.1L
* galaxies with high covering fraction (≈ 80%). However, dwarf galaxies (<0.1L * ) exhibit much lower O VI covering fraction for R > 50 kpc.
Since these low redshift galaxies have well resolved light profiles from ground based imaging, we use SDSS r band photometric measurements for each foreground galaxy to study the azimuthal dependence of C IV absorption. We compute the azimuthal angles (φ), the projected angle that the quasar line of sight makes with the projected major axis of the galaxy, by using SExtractor (Bertin & Arnouts 1996) to estimate the position angles and the axis ratios. The azimuthal angles are presented in Table 2 . The sense of the azimuthal angle is such that any sightline passing along the projected major axis of the galaxy is assigned φ = 90
• and any sight line passing along the projected minor axis of the galaxy is assigned φ = 0
• . Figure 3 shows the projected 2-D C IV absorption profile around the COS-Dwarfs galaxies in terms of R and R vir respectively. The open squares are the non-detections and the filled squares are color coded to reflect their absorption strengths. Visual inspection of Figure 3 shows that stronger absorbers have a marginal preference to be aligned towards the minor axis of the galaxies, however this trend is not statistically significant. A two sample KS test does not rule out the null hypothesis that the C IV absorbers are spherically distributed around the galaxies at 10% significance. Comparing the azimuthal asymmetry of C IV and Mg II absorption line systems (Bordoloi et al. 2011; Bordoloi et al. 2014 ) will allow us to constrain the geometry of the multi phase CGM in a unique way. The strong Mg II absorbers are preferentially seen along the projected minor axis of disk galaxies. However, if the observed C IV detections represent any azimuthal asymmetry, we would need ≈ 110 absorber-galaxy pairs to rule out the null hypothesis that C IV absorption is uniformly distributed around the galaxies at 1% significance.
C IV Covering Fraction Estimates
In the previous subsection, we have shown how the C IV absorption strength changes as we probe the CGM away from the galaxy. We have also shown that the number of nondetections increases as we probe higher projected distances. Here we quantify the observed incidence of C IV absorption around galaxies in terms of covering fraction C f . The covering fraction is defined as
where, N W ≥Wcut (R) is the number of lines of sight within a given radial bin from the galaxies, having associated absorbers of strength W greater than some cutoff equivalent width (W cut ). N tot (R) is the total number of lines of sight in that same radial bin. The typical detection threshold for the COS-Dwarfs survey is ≈ 50-80 mÅ. Throughout the paper, we will compute covering fraction only for absorbers with W cut ≥ 100 mÅ. We first evaluate C f for all star-forming and passive galaxies including all absorbers with W cut ≥ 100 mÅ. In Figure 4 we show the C f estimates as a function of R (top left panel) and R vir (top right panel). Star-forming galaxies (blue squares) exhibit a statistically higher covering fraction than passive galaxies (red diamonds). The gray squares represent the C f estimates for all galaxies. The error bars are 68% confidence intervals on the C f estimates. At close projected galactocentric dis- FIG. 4.-C IV absorption covering fraction around galaxies, in terms of R (left panels) and R vir (right panels). In the top panels, the blue squares and red diamonds are covering fraction estimates for star-forming and passive galaxies respectively, while the gray squares are C f for all galaxies with W ≥100 mÅ. The covering fraction drops sharply beyond 0.2R vir and is zero at R vir 0.5. Even very close to the galaxies, the C IV covering fraction is not unity. The error bars represent the 68% confidence intervals. Bottom Panels: Covering fraction for C IV absorption around galaxies for W ≥ 100 mÅ (gray squares) and W ≥ 300 mÅ (blue circles). The error bars on covering fraction represent the 68% confidence intervals. The horizontal dashed lines are range bars indicating the width of the radial bins.
tances the blue galaxies have very high covering fractions (≈ 80%) that decrease to ∼ 50% at R ∼ 80 kpc or R vir ∼ 0.4. Be-yond R >100 kpc the covering fraction is very low (15%) and, in terms of R vir , C f goes to zero as we probe beyond R vir 0.5. The horizontal dashed lines are range bars indicating the span of the radial bins used to compute the covering fractions. We further explore how C f varies for a different W cut in the bottom panels of Figure 4 . The C f estimates as a function of R (bottom left panel) and R vir (bottom right panel) are shown for W cut ≥ 300 mÅ (purple circles) and W cut ≥ 100 mÅ (gray diamonds) respectively. At close galactocentric radius, the C f for "strong" C IV absorption (W cut ≥ 300 mÅ) is about half (∼ 40 %) of the C f for absorbers with W cut ≥ 100 mÅ. In both cases, the radial fall off in C f with distance exhibits a similar trend.
The C IV absorption is seen out to ∼ 0.5 R vir of these galaxies (∼ 110 kpc in terms of impact parameter), beyond which C IV absorption is not detected in any of the sightlines (0 out of 11). This suggests that the C IV covering fraction falls off sharply beyond 0.5R vir , beyond which there is little strong C IV absorption (see also, Jia Liang & Chen 2014) . This sharp cutoff is quite similar to that seen in MgII absorption line systems Bordoloi et al. 2011; Nielsen et al. 2012 ).
Dependence of C IV absorption with galaxy sSFR
To characterize how C IV absorption depends on host galaxy properties, we study the variation of C IV absorption strength with specific star formation rate, sSFR. We show the dependence of the detection rate of C IV absorption on star formation in the host galaxies as shown in Figure 5 . In the left panels of this figure, we plot how the C IV equivalent width (top left) and AOD C IV column density (bottom left) vary as a function of the sSFR of the COS-Dwarfs galaxies. The blue squares are star-forming galaxies and the red diamonds represent passive galaxies. The galaxies are classified as passive if their sSFR ≤ 10 −10.6 yr −1 . The filled symbols are detections and the open symbols indicate the non-detections. The arrows denote 2σ upper limits on non-detections. In the bottom panels the upward arrows indicate lower limits on C IV column density estimates and the open symbols with downward arrows denote 2σ upper limits on non-detections. We restrict this plot to include lines of sight passing within 0.5R vir because we only detect C IV absorption in these sight lines (with a typical detection threshold of ≈ 50-80 mÅ). We find that for the 24 galaxies that are identified as star-forming, there are 15 detections of CIV 1548 absorption (detection probability P = 0.63 ± 0.096 at 68% confidence), while for the 8 passive galaxies there are two CIV 1548 detections (detection probability P = 0.25 ± 0.14 at 68% confidence). The detections of C IV absorption surrounding passive galaxies are generally weaker than the detections in the star-forming sample.
We test the statistical significance of the correlation of C IV absorption strength with host galaxy sSFR, by performing a generalized Kendall's tau test. We only consider absorber-galaxy pairs within R vir ≤ 0.5. We obtain τ = 0.35 (significance P = 0.048) and hence can reject the null hypothesis that there is no correlation between C IV absorption equivalent width and host galaxy sSFR at the 95% confidence level. We select all the galaxies within R vir ≤ 0.5 and perform a two-sample KS test that rules out the null hypothesis that the star-forming and passive galaxies are drawn from the same parent distribution of equivalent widths at 98% confidence level (2.3σ). We interpret these results as tentative, but not conclusive evidence that there is a direct relationship between C IV absorption strength and sSFR.
The correlation between galaxy star formation with stellar mass could potentially influence this apparent correlation found above. This can hinder our ability to conclusively identify star formation as the key influence on the presence of C IV . To assess that star formation and not simply stellar mass has a direct relationship with the observed C IV , we select galaxies having stellar masses in the range of 9 ≤ log M * /M ⊙ ≤ 10. In this range, there are 22 starforming and 7 passive galaxies. We perform a two-sample KS test that rejects the null hypothesis that the star-forming and passive galaxies draw from the same parent distribution of equivalent widths at > 99.5% confidence level (2.8σ). This result supports our interpretation that there is tentative, but not conclusive evidence for a direct relationship between C IV absorption strength and sSFR.
The variation of C IV absorption strength with sSFR is further shown by adding the sample of Borthakur et al. (2013) , and the three COS-Halos galaxies for which we have C IV coverage ( Figure 5 , right panels). The COS-Halos galaxies are marked with open circles for identification. The solid green squares show the detected C IV absorption strengths and the open squares with arrows indicate 2σ non-detections. These are primarily L * galaxies and four out of the five with detected C IV absorption are around star-burst galaxies at high impact parameters. Combining the two samples, we find that out of the 33 galaxies that are identified as star-forming, there are 21 detections of C IV absorption (detection probability P = 0.64 ± 0.08 at 68% confidence) and for the 18 passive galaxies there are three C IV detections (detection probability P = 0.17 ± 0.09 at 68% confidence).
This suggests that at these equivalent width/column density limits, if a strong (W r 100 mÅ) C IV absorption system is observed, it is more likely to be associated with a star-forming galaxy. One possible explanation for this high C IV detection rate amongst star-forming galaxies, along with the low covering fraction of C IV absorption beyond 0.5R vir , could be that the C IV absorption is driven into the CGM by star-formation driven winds (Weiner et al. 2009; Rubin et al. 2012; Bordoloi et al. 2013 ) and they are falling back into the galaxy as a galactic fountain with a turn around radius of ≈ 0.5R vir .
C IV Kinematics
In this section we present the kinematics of the observed C IV absorption profiles and discuss whether the observed absorption is consistent with being bound to the dark matter halo of the host galaxy. We obtain the C IV column densities and kinematics by Voigt profile fitting as described in Section 3. In Figure 6 we present the absorption kinematics and column density estimates of the C IV absorption. Figure 6 shows the velocity centroids for each Voigt profile fitted component as a function of the stellar mass and the inferred dark matter halo mass for star-forming (blue squares) and passive (red diamonds) galaxies. The range bars indicate the velocity spread of each C IV absorption line system that were used to compute the equivalent widths of these systems. These are equivalent to the full width at zero optical depth. The full velocity width includes contributions from both thermal broadening and bulk flow and this is a proxy for the maximum possible (projected) kinematic extent of absorption. The distribution of the component velocities are clustered around the systemic velocity of the host galaxy, with a median velocity from its host galaxy. However, statistically most of the detected C IV absorption are closely associated with the galaxies in velocity space. This is perhaps not surprising, since we are selecting lines of sight very close to the foreground galaxies. But there is no observational reason or systematic error or selection effect that prevent us from more commonly detecting strong C IV absorption at high velocities relative to the systemic redshift of the associated galaxies. Figure 6 also compares these velocities with the escape velocities of the halos in which they reside. We convert the stellar masses of the galaxies to the total dark matter halo mass by using the method described in Moster et al. (2010) . We assume a spherically symmetric NFW profile (with concentration parameter, c=15) and calculate the escape velocity as a function of halo mass at three different radii (R = 50, 100, 150 kpc respectively). In Figure 6 these mass-dependent escape velocities are shown as dashed lines. We see that little of the fitted absorption velocity centroids exceed the estimated escape velocities of these galaxies. Some of the velocity ranges are comparable to the escape velocities (range bars) but that can be attributed to the line wings. We conclude that most of the detected C IV absorption is consistent with being bound to the dark matter halos of their host galaxies.
There is always the chance that these galaxies have associated C IV absorption at higher relative velocities that remains unseen because it is below our detection limits. We can roughly estimate that any such high velocity absorption components should have a factor of ≈ 5-10 lower column densities than the typical detected absorption (Figure 2 , bottom panels), since the detections typically have column densities that are 5-10 times above the detection limits.
MINIMUM MASS OF CGM CARBON
One of the striking findings of the COS-Halos survey was that around L * galaxies, there is about as much oxygen (proxied by O VI ) as found in the ISM of those galaxies (Tumlinson et al. 2011b ). Analysis of the lower ionization transitions further showed the presence of a large reservoir of metals and gas in the cool CGM (conservatively, 
8 -9.5 0.4 × 10 6 0.4 × 10 6 All galaxies 9.5 -10 0.9 × 10 6 1.9 × 10 6 8 -9.5 0.5 × 10 6 0.5 × 10 6 Star-forming galaxies 9.5 -10 1.1 × 10 6 2.6 × 10 Werk et al. 2014 ). This substantial metal budget helps in bridging the missing metals budget around L * galaxies (Peeples et al. 2014 ). The COS-Dwarfs survey is well suited to estimate the carbon mass in the CGM around sub-L * galaxies. The range of physical conditions in diffuse gas that can contain significant amounts of C IV is narrow enough that we can obtain robust lower limits on the total mass of carbon in the CGM of dwarf galaxies.
We estimate the mass implied by C IV absorption around these galaxies by projecting a circular region on the sky of radius R, in which we detect C IV absorption. Then the total C IV mass encompassed within this radius is given as,
where C f is the mean covering fraction of C IV absorption around galaxies within radius R and N CIV is the mean C IV column density within R. We obtain a robust lower limit on the carbon mass by applying a conservative ionization correction to M CIV to get M carbon . To estimate the ionization correction, we have considered the ionization state of C IV over a wide range of temperatures using the CLOUDY photoionization code (Ferland et al. 1998 ), assuming ionization equilibrium and including both collisional ionization and photoionization similar to Tumlinson et al. (2011b) . Under typical CGM physical conditions, the ionization timescales are on the order of ∼ 10 7−8 years or less which is much smaller than the halo dynamical timescales of 10 9 years. Hence it is unlikely that a large fraction of the CGM gas would be far from ionization equilibrium.
Scaling for values typical to our sample and applying a conservative C IV correction, we find that the minimum carbon mass for all galaxies is
where we find that within 110 kpc, 17 out of 32 galaxies show CIV 1548 absorption. The covering fraction and mean column densities are measured in two radial bins: 8 out of 11 detections within R < 50 kpc and 9 out of 21 detections within 50 ≤ R ≤ 110 kpc. The column densities used in equation 5 are derived from Voigt profile fitting and represent the entire range in stellar mass. The mean column density within R < 50 kpc is 4 × 10 14 cm −2 and within 50 ≤ R ≤ 110 kpc is 8.2 × 10 13 cm −2 . This mass of carbon is a lower limit since we adopt a conservative value of f CIV = 0.3 (Figure 7) . We estimate M carbon using both Voigt profile fitting and AOD column densities. Carbon masses derived using both methods are tabulated in Table 1 . The column densities derived using the AOD method are lower limits for saturated lines; therefore the carbon masses are only conservative lower limits. The column densities derived from Voigt profile fitting are more reliable, however for severely saturated lines, they are also probably underestimating the column densities.
C IV is not the dominant ion of carbon in astrophysical conditions, hence a ionization correction must be applied to derive the total carbon mass (M carbon ) from the C IV mass (M CIV ). In Figure 7 (left panel), the curves show the fraction of gas-phase carbon in C IV ionization state (f CIV ) as a function of temperature for four overdensities relative to the cosmic mean density (ρ/ρ). For all values of ρ/ρ ≥ 1000 (black curve), collisional ionization dominates, whereas for lower values of ρ/ρ, photoionization by the extragalactic background can increase f CIV at low T. The blue band shows the expected carbon mass of the galaxies' ISM if they lie on the standard relation between M ISM and M * and follow the mass-metallicity relation (MZR) at log M * = 9.5. Regardless of whether photoionization or collisional ionization dominates, we assume the most conservative measure of ionization correction to estimate the carbon mass as f CIV = 0.3. We find that the C IV -traced CGM contains a mass of metals that is substantial relative to the reservoir of carbon in the ISM of these galaxies.
If these galaxies lie on the stellar metallicity relation The curves show the fraction of gas-phase carbon in the C IV ionization state ( f CIV ) as a function of temperature, for four overdensities relative to the cosmic mean (ρ/ρ). All values of ρ/ρ ≥ 1000 track the black curve on which collisional ionization dominates, whereas for lower values, photoionization by the extragalactic background can increase f CIV at low T. The blue band shows the expected carbon mass of the galaxies' ISM if they lie on the standard relation between M ISM and M * and follow the mass-metallicity relation (MZR) at log M * = 9.5. Right Panel: The CGM carbon mass (green points) compared to the interstellar carbon mass (blue band) and the carbon mass in stars (red band) as a function M * . The green points show the conservative minimum carbon mass for blue galaxies in those mass ranges (Table 1) . (Woo et al. 2008) , the mean trend of gas fractions, and the gas-phase mass-metallicity relation (Peeples et al. 2014 ) for low-z galaxies, then they have interstellar carbon masses of M In the right panel of Figure 7 , we plot the minimum CGM carbon mass of star-forming galaxies (green points), for f CIV = 0.3, compared with the interstellar carbon mass (blue band) and stellar carbon mass (red band) as a function of mass as in (Peeples et al. 2014) . The range in the blue band denotes the uncertainty in the ISM carbon mass owing primarily to uncertainties in the calibration of the gas-phase metallicity indicators and partially to the uncertainties in the gas fractions. The narrower red band denotes systematic uncertainties introduced to the mass of carbon in stars from uncertainties in the overall solar abundance scale but does not take into account possible non-solar abundance ratios. Our key finding is that the minimum CGM mass carbon mass is thus 50% to 80% of the ISM carbon mass and is always higher than the total mass of carbon in stars.
The ratio of carbon mass in the ISM to the CGM remains more or less constant for the two different mass bins probed (assuming a constant ionization correction). It should be stressed that the CGM carbon masses quoted here are conservative lower limits, as we assume a limiting ionization correction of f CIV = 0.3 and the C IV column densities may be underestimated owing to saturation. For the typical densities expected at R ≈ 100 kpc, f CIV exceeds 0.3 only at T ≈ 10 5.05 K and f CIV exceeds 0.05 at T ≈ 10 4.8 − 10
5.25 K. Hence the total carbon mass can easily be even higher by a factor of 6, higher than the ISM carbon mass in these galaxies.
This result is analogous to the findings of COS-Halos oxygen metal budget (Tumlinson et al. 2011b) , where it was found that a significant mass of oxygen exists in the CGM of L * galaxies, and is comparable to the mass of oxygen in the ISM of those galaxies.
We estimate the carbon mass out to 110 kpc, beyond which no C IV absorption is detected. However, it is plausible that Cooksey et al. (2010) . COS-Dwarfs galaxies can account for ∼ 60% of all low-z C IV absorbers some diffuse C IV gas is present below the survey detection threshold (≤ 50 mÅ), at larger radii. To ascertain how much carbon could be "hidden" beyond 110 kpc, we extend equation 5 out to ≈ 220 kpc. We assume a mean column density at R > 110 kpc of 3 × 10 13 cm −2 , which is comparable to our typical detection limits. We compute the total carbon within 220 kpc and find that the total increase in carbon mass in going from 110 kpc to 220 kpc is ≈ 20%. Hence the bulk of the carbon mass observed in the CGM should be observed within 110 kpc (which corresponds to roughly 0.5 R vir ) of the host galaxy.
EXPECTED INCIDENCE OF C IV ABSORBERS
In this section we estimate the expected redshift-path incidence of C IV absorbers exceeding a particular absorption threshold W lim , around log M * ≤ 10 10 M ⊙ galaxies at z ≈ 0.
This exercise is the opposite of one undertaken for blind QSO absorption line studies (e.g. Cooksey et al. 2010) ; where one takes the observed number of absorption systems per unit redshift and calculates the CGM cross section and number density required to account for the rate of incidence, assuming that the cross-section is all contributed by galaxies. (Tumlinson & Fang 2005) used the observed number density distributions of intergalactic O VI absorbers to constrain the metal distribution in the low-z IGM, and found that observed dN/dz of O VI absorbers can be explained by the extended CGM of sub-L * galaxies. Prochaska et al. (2011b) performed a similar calculation based on their analysis O VI surrounding z ∼ 0.1 galaxies and concluded that the majority of O VI systems are associated to the extended CGM of sub-L * galaxies. Here we infer the rate of incidence of C IV absorption around the COS-Dwarfs sample exceeding a particular absorption threshold W lim defined as,
where C f is the covering fraction of absorbers with (W > W lim ) and R max is the maximum impact parameter at which an (W > W lim ) absorber is observed. For COS-Dwarfs, we have a sample of galaxies at z < 0.1 with a well defined stellar mass function (Moustakas et al. 2013) . We integrate the double Schechter function fit to the z < 0.1 mass distribution within 8 ≤ log M * /M ⊙ ≤ 10 and get a cumulative number density of COS-Dwarfs like galaxies n gal ≈ 10 −1.39 Mpc −3 . These values translate to a rate of incidence at W > 100 mÅ, dN/dχ ≈ 1.93 ± 0.4 and at W > 400 mÅ, dN/dχ ≈ 0.89 ± 0.36. The observed incidence of C IV systems at the same equivalent width threshold at z<0.4 is reported to be for (W > 100 mÅ) ≈ 3.17 and for (W > 400 mÅ) ≈ 1.38 (Cooksey et al. 2010 ). We present the cumulative absorber line density as a function of C IV equivalent width for COSDwarfs in Figure 8 . We adopt the C IV frequency distribution function at z <0.4, described in Cooksey et al. (2010) , and it is integrated to infer the absorber line densities at different limiting equivalent widths. This is shown as the hashed region in Figure 8 . It should be noted that all the line densities (and the corresponding error estimates) shown in Figure 8 are correlated. Comparing the line densities measured for COSDwarfs (gray squares) with the total cumulative absorber line densities (hashed regions) we argue that the low-mass galaxies having 8 ≤ log M * /M ⊙ ≤ 10 at z< 0.1, could easily account for almost 61% (W > 100 mÅ), and 64% (W > 400 mÅ) of the strong C IV absorbers observed today. The remaining ∼ 30 to 40% of the C IV absorbers can be accounted for by the > L * galaxies with a covering fraction of ≈ 40% with R max ≈ 200 kpc. It is plausible that 1/2 -2/3 of strong C IV in blind IGM samples arise in sub-L * halos.
COMPARISON WITH SIMULATIONS
We use a set of cosmological GADGET-2 Nbody+smoothed particle hydrodynamical (SPH) simulations (Springel 2005 ) that were first described in Davé et al. (2013) to compare to our observations of C IV covering fractions. The simulations have a periodic volume with a box length of 32h −1 Mpc, contain 2 × 512 3 dark matter and gas particles, and use a ΛCDM cosmology based on the WMAP 9-year results (Hinshaw et al. 2013 ). The gas particle mass is 4.5 × 10 6 M ⊙ , the dark particle mass is 2.3 × 10 7 M ⊙ , and the softening length is ǫ = 1.25h −1 kpc. We run mock sight lines through two simulations exploring different prescriptions for galactic super-winds around galaxies chosen to match the stellar masses in passive and star-forming subsamples of COS-Dwarfs. These simulations were introduced in Davé et al. (2013) , including the constant wind (cw) and the energy-driven wind (ezw) models. These wind models are defined by parameter choices of η, the mass loading factor of star formation-driven winds defined as η ≡Ṁ wind /Ṁ SF , and wind velocity, v wind . The cw model uses a constant value of η = 2 and v wind = 680 km s −1 representing a 100% conversion efficiency of supernova energy from stars above 8M ⊙ to kinetic outflows. The ezw model uses energydriven relations η ∼ σ −2 and v wind ∼ σ below σ = 75 km s
and η ∼ σ −1 for higher σ. A quenching prescription described in Davé et al. (2013) is used in the ezw model, but does not affect the galaxy masses we explore for COS-Dwarfs.
The spectral generator specexbin casts sight lines at impact parameters out to 150 kpc around galaxies selected in each z = 0.025 simulation output to match the COSDwarfs sample. The Haardt & Madau (2001) ionization background is assumed but our results are indistinguishable if Haardt & Madau (2012) is used instead. We search around simulated galaxies matching the M * distribution of COSDwarfs galaxies divided into star-forming and passive samples based on the subdivision of sSFR= 10 −10.6 yr −1 . This sample results in different distributions of sSFR for each wind model compared to what is observed in COS-Dwarfs, with ezw providing the best match, because this wind model agrees best with the abundance matching (AM) constraints of Behroozi et al. (2013) . In each case, we select isolated galaxies defined as not having another galaxy with ≥ 50% as massive of the targeted galaxy's mass within 300 kpc.
In the M * /sSFR-selected sample, satellite galaxies fulfilling the isolation criteria are allowed in the sample, but make up only 4-9% of the simulated samples. Satellite galaxies are most often selected in the passive subsample around groups where M halo > 10 13 M ⊙ , because low-sSFR isolated galaxies are rare in the simulations. We cast 4 sight lines at 15 equallyspaced impact parameters ranging from 5 to 145 kpc around three times as many galaxies as COS-Dwarfs, or 117 in total, for a total of 7020 mock sightlines per wind model. We then sum up the C IV 1548Å equivalent width within ±600 km s −1 of the velocity of the galaxy. Figure 9 shows the results of the COS-Dwarfs mock surveys compared to the actual observations. The left panels show the simulated galaxy parameters of M * and sSFR for each wind model: ezw (purple, top panels) and cw (green, bottom panels) with binned histograms, both compared to the COS-Dwarfs galaxies (gray histograms, red/blue squares). The simulated galaxies are required to have the COS-Dwarfs M * distribution within bins of 0.2 dex, but simulated sSFR is constrained only to match the star-forming and passive samples using the division of 10 −10.6 yr −1 . We note that ezw provides the best fit to the distributions of sSFR. The ezw feedback parameters were intentionally tuned to match the AM constraints of Behroozi et al. (2013) via the selection of the σ = 75km s −1 threshold below which energy-driven scalings take effect for ezw. In contrast, cw winds are more efficient at suppressing star formation, and predict a comparatively constant M * /M halo ratio with many more massive halos hosting centrals than any other wind model.
The middle panels show the simulated covering fractions of 100 mÅ and 300 mÅ C IV as a function of impact parameter for each wind model, compared to the covering fractions from §4.2. Based on C IV covering factors, ezw provides the best overall fits, although the ezw model over-estimates the extent of 100 mÅ C IV detections (solid bands) at > 100 kpc. The ezw model better reproduces the C IV covering fraction for 300 mÅ C IV detections (hashed band). The right panels show the C IV column density radial profiles of the starforming galaxies as compared to the simulations. The gray hashed regions represent the 1σ spread of column density in the model sightlines.
The cw model performs poorly in reproducing both CGM and galaxy properties. At close impact parameters, the cw model systematically under predicts the C IV covering fractions. Previous work has shown that this model predicts a stellar mass function that is too steep (Oppenheimer et al. 2010 ) and a present-day sSFR distribution that is too low for lowmass galaxies (Davé et al. 2011) . Faster v wind arising from low-mass galaxies in cw relative to ezw results in a flatter dependence of C IV covering fractions as metals are more likely to be pushed to larger distances.
We compare the sSFR distributions of the ezw and the cw models with that of the COS-Dwarfs galaxies and find that for the ezw model, a two sample KS test cannot rule out the null hypothesis that the two sSFR distributions were drawn from the same parent sample at >10% significance. For the cw model a two sample KS test rules out the null hypothesis that the two sSFR distributions are drawn from the same parent sample at 0.001% significance level. Further, we perform a likelihood ratio test to compare which model (ezw or cw) best represents the observed C IV covering fractions. We obtain a P value of ≈ 0.01, which indicates that there is strong evidence that the ezw model represents the data better than the cw model. Hence, constraints from both the sSFR distribution and the C IV covering fraction suggest that the ezw model better represents the observations as compared to the cw model.
In summary, our exploration of simulations yields the best fits for an ezw model that ejects cool gas (T ∼ 10 4 K) at moderate velocities (v wind = 150 − 300 km s −1 ) and high massloading factors (η = 5 − 15). These winds enrich the local CGM where this metal-enriched gas can re-accrete back onto the galaxy and sustain the observed z ∼ 0 sSFR distribution of low-mass galaxies.
Finally, if we select simulated central galaxies based on halo masses derived from the abundance matching applied to COS-Dwarfs, we would find more distinguishing power using C IV covering fractions between the various wind models, but at the cost of selecting distributions of M * and sSFR that do not match COS-Dwarfs. The ezw model does not change much because these galaxies agree well with AM constraints, while cw would have far lower covering fractions and no detections of 300 mÅ C IV absorbers, because the galaxies form less stars and the v wind = 680 km s −1 heat the CGM, suppressing star formation. These trends show that in the low-mass galaxy regime explored by COS-Dwarfs, our simulations find that covering fractions scale with galaxy M * .
COMPARISON WITH PREVIOUS STUDIES
In this section, we present the combined measurements of previous studies from the literature, that characterized the C IV absorption profile around galaxies. We stress that this comparison involves galaxies with heterogeneous mass, SFR, and selection, so this is not a statistically rigorous comparison.
In the top panels of Figure 10 , we present the C IV absorption observed in the COS-Halos survey (two detections and one non-detection) and this work. The blue and red data points correspond to star-forming and passive galaxies respectively. All the open symbols with arrows indicate 2σ non-detections.
Using HST Key Project data, Chen et al. (2001) characterized the C IV absorption profile around 50 z ≈ 0.4 galaxies with background quasar lines of sight passing within 300 kpc of the host galaxies. In Figure 10 , these measurements are represented as gray points in the top left and the middle left panels. They found C IV absorption out to R ∼ 100 kpc with abrupt boundaries between C IV absorbing and non-absorbing regions. They also reported that the C IV absorption strength does not depend strongly on galaxy surface brightness, redshift and morphological types. They found in their sample 14 out of 50 galaxies produce C IV absorption.
In another study, Borthakur et al. (2013) , targeted a sample of 20 z < 0.2 galaxies and constrained the C IV absorption in 17 of these galaxies within R ≤ 200 kpc. They found that 4 out of 5 star-bursting galaxies exhibit strong C IV absorption out to 200 kpc. These are represented as green points in the top left and middle right panels of Figure 10 .
At higher redshifts, Steidel et al. (2010) used stacked background galaxy spectra to characterize the C IV absorption around 512 foreground z ≈ 2.2 galaxies out to 125 kpc. They found that the C IV absorption strength falls off sharply between 50-100 kpc. In Figure 10 , the purple data points in top left and middle right panels represent these measurements. In the Steidel et al. (2010) study, the spectral resolution was too low to resolve the C IV doublet. Hence the quoted C IV absorption strength was summed over both lines of the doublet. Here we use half of the quoted value in Steidel et al. (2010) to compare with CIV 1548 absorption strength. Prochaska et al. (2013b) uses a subset of 428 quasars that show Lyα absorption to probe the CGM around z ≈ 2 quasar host galaxies. They find that C IV absorption around quasar hosts extends farther than that observed around LBGs at the same redshifts and the covering fraction of strong C IV absorption extends beyond 200 kpc. We select all the C IV absorbers within 800 km s −1 of the systemic redshift of the quasar host galaxy and plot them in Figure 10 (orange points).
The top left panel of Figure 10 combines all of the above together. It should be noted that these galaxies represent a very heterogeneous sample of galaxies, spanning many decades in mass, varying star formation rates, and redshifts. Excluding the star-bursting systems of Borthakur et al. (2013) and the Prochaska et al. (2013b) study, the average C IV absorption profile remains quite unchanged from z ≈ 2.2 (Steidel et al. 2010) , to z ≈ 0.4 (Chen et al. 2001) , all the way to z ∼ 0 (COS-Dwarfs). We can detect C IV absorption out to 100 kpc for all these galaxies.
In the bottom panel of Figure 10 , we present the C IV absorption covering fraction for all the available data as a function of impact parameter. The horizontal dashed lines are range bars indicating the width of the bins. We find that the C IV absorption covering fraction drops from 70% (W ≥ 100 mÅ ) at R ≤ 50 kpc to 20% at R ≈ 100 kpc. The 30% covering fraction seen at extended radius of R > 200 kpc is primarily contributed by the quasar-host galaxies and is probably due to neighboring galaxies. However, there are observations of individual C IV absorption line systems, where the host galaxy is observed to be at high impact parameters (Tripp et al. 2006; Burchett et al. 2013 ) and may indicate diverse origins of C IV absorbers from that described here. This combined dataset indeed suggests that for regular main-sequence non-starburst galaxies, C IV absorption can been detected out to ≈ 100 kpc from z ∼ 2 to z ∼0 at these detection limits.
In a recent study, Jia Liang & Chen (2014) also found that metals around low-mass galaxies are primarily concentrated within the inner virial radii of the galaxies. They compared their sample to high redshift studies and also found similar conclusions as this work.
CONCLUSIONS
In this work, we have mapped the spatial distribution of C IV gas around a set of 43 galaxies having mass M * ≤ 10 10 M ⊙ at z < 0.1. The main results of this study are as follows.
• C IV absorption is detected out to ≈ 100 kpc from the galaxies. C IV absorption strength drops off with projected galactocentric radius from the associated galaxy; beyond 0.5R vir no C IV absorption can be detected at our sensitivity limits (∼ 50 -80 mÅ).
• The C IV absorption is patchy even at small impact parameters. At R ≤ 60 kpc, 9 out of 17 (60%) galaxies are associated with C IV absorption; at R ≤ 150 kpc 17 out of 43 (40%) galaxies are associated with C IV absorption. The patchiness also evident in the scatter of C IV absorption strength for the detected absorbers (standard deviation = 208 mÅ).
• For star-forming galaxies, the covering fraction of W ≥100 mÅ CIV 1548 absorption is nearly unity at R/R vir ≤ 0.2, falling off to 50% at 0.4 R/R vir and then to zero at R/R vir 0.5.
• We find that strong C IV absorbers are primarily detected around star-forming galaxies and report a correlation between the detected C IV absorption strength and sSFR of the host galaxies within 0.5R vir . We find that within 0.5R vir , the C IV detection probability around star-forming galaxies is P = 0.63 ±0.096 and around passive galaxies is P = 0.25 ±0.14.
• Kinematically, the detected C IV absorbers are consistent with being bound to the dark matter halos of their host galaxies. The absorption centroids cluster around the systemic zero velocity of their host galaxies with a median velocity of 13 km s −1 and a standard deviation of 50 km s −1 .
• We estimate the minimum carbon mass in the CGM of these galaxies, and find that there is at least 1.2 × 10 6 M ⊙ of carbon within 110 kpc of these galaxies. This is comparable to the total carbon mass in the ISM of these galaxies, and more than the total carbon mass contained in the stars of these galaxies. Amongst star-forming galaxies, the CGM around low mass galaxies (8 ≤ log M * /M ⊙ ≤ 9.5) can have a carbon mass of at least 0. 9.5 ≤ log M * /M ⊙ ≤ 10 galaxies the carbon mass is at least 2.6 × 10 6 M ⊙ . This is a conservative lower limit, and the CGM carbon mass could easily be factor of six higher.
• Combining the cosmic number density of the galaxies in our sample from the galaxy stellar mass function, with the observed C IV absorption cross-section could account for ≈ 60% of all intervening C IV absorption with (W > 100 mÅ) and ≈ 64% (W > 400 mÅ) C IV absorbers in the low-z Universe, observed along QSO lines of sight.
• We compare the observed and simulated galaxies at the same stellar mass in two flavors of feedback models in hydrodynamical simulations. We find that the energydriven wind model (ezw) is a better overall fit to the present star formation rates and CGM C IV covering fraction measurements as compared to the constant velocity wind model (cw).
In summary, we present the projected distribution of C IV absorption around these galaxies and report the dependence of C IV absorption with sSFR. We find that kinematically, all the detected C IV absorbers are consistent with being bound to the dark matter halos of their host galaxies. We also find a substantial reservoir of carbon mass residing in the halos of low mass galaxies, comparable to their ISM carbon mass and more than the mass of carbon in stars. The presence of such large carbon reservoir in the CGM and the fact that they can account for almost 2/3 of all W r ≥ 100 mÅ intervening C IV absorption line systems indicate that perhaps bulk of the C IV absorption lines reside in the CGM of low mass galaxies. Support for program GO12248 was provided by NASA through a grant from the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy, Inc., under NASA contract NAS 5-26555. BDO was supported by HST grant HST-AR-12841. a We label the galaxies by the position angle with respect to the QSO, N through E, and with the angular separation in arcsec. b Galaxy luminosity in terms of L*, where L* is given by an R-band absolute magnitude of -21.12 (Blanton et al. 2001 
